Sample Proficiency Standard

SCIENCE

A: SCIENCE D. PHYSICAL SCIENCE
CONNECTIONS CONTENT STANDARD

CONTENT STANDARD Students in Wisconsin will demonstrate an
understanding of the physical and chemical

Students in Wisconsin will understand that  properties of matter, the forms and

among the science disciplines, there are properties of energy, and the ways in which

unifying themes: systems, order, organiza-  matter and energy interact.
tion, and interactions; evidence, models,

and explanations; Constancy’ Change, and EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR

measurement; evolution, equilibrium, and PERFORMANCE STANDARD

energy; and form and function. Transfer of Energy; D.8.9: Explain* the behaviors of various
forms of energy* by using models of energy transmission, both

in the laboratory and in real-life situations in the outside
EEEEEEEEE N EEEEEEEEEEEEEEEEEEEESRm World.

PERFORMANCE STANDARD

A.8.6 Use models* and explanations* to predict* actions and
events in the natural world

C. SCIENCE INQUIRY

CONTENT STANDARD

Students in Wisconsin will investigate
problems using scientific methods and
tools, revise their personal understandings
to accommodate knowledge, and commu-
nicate these understandings to others.

PERFORMANCE STANDARD

C.8.3 Design and safely conduct investigations* that provide
reliable quantitative or qualitative data, as appropriate,
to answer their questions
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SAMPLE TASK

Students were asked to perform the experiment and answer questions about it.

HOT STUFF! is an assessment task in which the students work in small groups in a lab setting to conduct the experiment.
The paper and pencil responses to the questions are completed by each individual student and reflect his/her understand-
ing of the experiment.

Purpose

In this inquiry work, you will investigate properties of water and heat transfer and apply the knowledge you have gained
from your experiment to real-world problems.

Materials

5 zinc washers with string attached hot plate

thermometer boiling water

balance room temperature water

styrofoam cup

Procedure

1. Carefully find the mass of the zinc washers and string given to you by your teacher. Record the mass in the prelimi-
nary data section at the bottom of this page.

2. Place the washers in a boiling water bath.

3. Predict the initial temperature of the washers after sitting for five minutes in the boiling water. Record the prediction
in the preliminary data section.

4. Find the mass of a styrofoam cup. Add the mass of tap water that is equal to the mass of the washers and pour it into
the Styrofoam cup. Record the mass of the water in the preliminary data section.

5. Measure the temperature of the water in the styrofoam cup and record it in the preliminary data section.

6. Measure the temperature of the water in the hot water bath. Record the temperature of the water bath in the prelimi-
nary data section.

Preliminary Data Section

___washer mass (g) ___ predicted water temp. °C
___water mass () ______initial water temp. °C
____water temp. of hot water bath

____ predicted temp. of both water and washers

Follow all your teacher’s safety guidelines for this lab!
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SAMPLES OF STUDENT WORK
EXPLANATIONS OF RATINGS OF STUDENT WORK

The following criteria were used to evaluate the student work. They were shared with the students before they attempted
the task. They were designed to help the student understand the knowledge, skills, concepts, and presentation that was
used for the assessment.

The criteria included: knowledge (understanding of heat transfer, transfer of knowledge to real-world situations, and use of
analogies); inquiry or use of science skills (mechanical completeness, accuracy of mathematics and data, presentation of
data, use of science terms, and predictions); and presentation (material that is understandable to others, use of vocabulary,
and use of language such as spelling, etc.).

Advanced 7. Suppose the washars are taken out of the boiling waler and placed into the water in
the Styrofoam cup. They are then allowed to sit until both the washers and the water
reach the same lemperature. Predict what this final temperature of both the water and th.
This student clearly has an washers will be. Record your prediction in the preliminary data section on the

advanced understanding of this previous page.

investigation and shows this by
using prior knowledge. The
chart is well organized. The The Washers will aive off gs mwch heat as it can

. . J
vocabulary use is exceptional. k) the water Yemperature equals the washer temperadure,

There are several arguments for T . . r. v el Y —0
the real-world presentations, pred;cl' %w‘- ]+ w'“ Fe’aclj -Hhs equil, bru St a'{‘ 4s C.

1 U_
based on the student’s own —rhe \Ugs})ers \Uouu give Cﬂq: alﬂﬂlﬂl ha Hﬁ of I‘Tls "'é‘]‘ai ahaun‘ﬁ[
data. The paper is well written  @and +he water will na:'L' aompletely dovhle o Yemperatore, T4

and is clearly understood by the k ! hr4 Lline I
reader. The student accounts for W\“ Lome g .pew deﬁrees EJ\or"‘ 2 o mj I+S 'l?m'nera"h)r‘f’.

the prediction being different
than the experimental results.

Explain your reasons for predicting this temperature.

8. With safety in mind, carefully transfer the steel washers from the hot water into the
Styrofoam cup of water.

9. Take the temperature of the water in the Styrofoam cup every 15 seconds. Record the

temperatures in the data section. Continue the temperature recording until the
temperature reaches a maximum.

Data Section

."Time (SeC) "Te'mlo (OC.)

o a4

\S 27

30 | 29 r

us 29

O 3]

5 3l

Ao 3
- \05 3) i
20 tzl \
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Calculate the temperature change of the water and the temperature change
of the metal.

CALCULATIONS

Mélfa\': F5-31 = a dfcrease 041 5)'!"0

Water: 24-531= an ineraase of 7°

Explain the differences in the two temperature changes you
just calculated.

T can think of two reasons Lor the di Heronees _in +l1€,
two temperalures. The first aonsiders  the conductivily of each
?ar‘t Mwe')h:\\ is a ‘aei‘l‘er danoluc_‘f*ar“ d_“F' i"lfa+ E’.P’Jer‘m?a L.Hmn
\M’d“‘t’ﬁ _ﬁwrepor‘e; *H1e I-'hﬂ‘*‘z;\, Wdﬁl'lers +mnﬂcer ‘H’le \ﬁlz"ﬂf}‘ 7C@S+PP
'H"Iﬂh +he wa+€l". “This G’Xfw]gina ‘Hﬁe idf"aﬁ’r CJ1G‘70)E. cﬁp hmwmﬁfr(
‘nthe metal than 1a the water. TThe sdé‘eanp’ m&éon dealslwﬁﬁ
the volume of Fhe witer. T Fhe wolome of the yater
is lar, +han %e Volb'ma of the 'mdal “H’Jen +he (e sulft
will be a gmaller chan:c}{f in “l’ﬂﬂ’wra‘}vre' in the water,
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The city of Milwaukee is located on the Lake Michigan shore, while Madison is located 80
miles inland. On a sunny day in July the 2 p.m. temperature in Milwaukee was 82°F; in
Madison the temperature was 95°F.

How can this be explained in terms of your experimental results?

'-TT'\E sun__ 1% ctnmioarea.l:)'e 'l‘D‘qu me‘h;' in ‘H’le &ernmen‘}‘
“The sun (s aw,n off jts heat eneray, Water Jrfmpera+ufe
15 lower 'H"m.n the air “?mmrq‘lur‘e 'j-ir: Milwavide FHhe

son's enermy is being absorhed by the water, In
Madicnin +{ eneraoy '45 }:mina usé(d 40 _hed Yhe lnd.
Drravse the incb3l Yewmp, A€ the wider s less ‘l-hm,
the 4fwm of the air .'.:Er‘ound Madison its final de me. IS
\955 JUS‘l' as it \n our exfner.mm’f‘ ‘H’lc’ \nitial '}‘emp, af

the waler in Jhe { Qv ower than the
‘Pif\a\ +em%:~em“}w£ a#‘Fer- ‘Hme me+o\J was F’ﬂceof Would |ae ]awen

A student is designing the perfect soda can holder, which will keep the soda cold. The
holder is made of two plastic layers with a space in-between. Refer to the diagram below.

Should the student fill the space with solid steel or an equal mass of water?

Soda can holder out layer—p-
Soda can holder inner layer

Explain in terms of your experimental results.
sty s ill the = ith_an mass of
water, Metal 1s 4 better condvctor of heat Hun water sn

‘\ie_hea:“_'&m:_‘!:hﬁ sun 'fvil\ warm Fhe water. As the heat
is trans¥erved the ﬁm;:em'}we of the can will J.ra}o. The
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Same_as the me+a,] washers and Jhe resolt was

a olm;: in _+he -lfm’noemiure. of the washers. The
e \Wi Y € ld T

-\%f’_ €xr>ernmerﬂ ]hLm_Ch_AECE&S_Ed_GLILJ_A_‘H}ﬁ_l .
Wa‘\-er” ) mme? bt then "H’IEM I"Eh’mmea’ a‘l‘

Yhat ggﬁg,];ht,;gm, “The water and ~H1p can would alsn
(€ Mo\ Lt Drivm  poin T_ll. 0 Y

N an ’4' “.J of  Waie \ + CNpicf Wd‘er‘
S not o= acxml of a (’.onaluc‘,‘ar‘ as me"‘al The Wa.'{'er‘

will Mot Hranster the cold From the aan. Steel would

becavse it is a beller condvdanef ther M.Lmﬁ%%
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Proficient

The paper is complete and accurate. It shows a clear understanding of the experiment. There is good use of scientific
terminology and a clear indication of an understanding of heat transfer. The student applies the results of the experiment
to the real-world problems successfully.

7. Supposs the washers are teken out of ihe boiling water and placed into the water in
the Styroloam cup. They are then allowed 1o sit until both the washers and the water
reach the same temperature. Predict what this final temperature of both the water and the
washers will be. Record your prediction in the preliminary data section on the
previous page.

Explain your reasons for predicting this temperature,

7he reasons Tor ipredrkﬁ'ma» the Terperature At about 75 Aeg poes
/5 becanse Z chose @ ﬂnméefuf'éaf was a Artle Warmer 0
that 7he aumber in between the roem Termperature

twater and My Ay,pyﬁ%’@.-ns on the FempPerature of +he
heared wczﬁ'ers I Fhink the warmer ob,ea:% will have

2 6‘{’?‘?81" H"'?fda‘l“ on _7he Final -f\frnf 01: botly  Fhe Lvashers

¢ water :"ag»cz%er.

B. With safety in mind, carefully transfer the steel washers from the hot water into the
Styrofoam cup of water.

8. Take the temperature of the water in the Styrofoam cup every 15 seconds. Record the

temperatures in the data section. Continue the temperature recording until the
temperature reaches a maximum.

Data Section

E Time i _ Temp
Bepivaig Torp > 2Y4°

O _ > 257
15 = 2 9°
30 > 2307
45 : > 31°
e, > 3)°
24 > 3]°
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Calculate the temperature change of the water and the temperature change
of the metal.

CALCULATIONS
Terperatuce Change /n The 150 Change(in pemg) in Fhe 1y O

31°%C b 2% —predictec
—29% -3 )%
7° /7°c

ﬁf’f" éﬂd’{ 3 7% ;L(?m‘o 5‘51.:4/!;&'. 'EP_Z‘T" Aﬁﬁ/& »‘/[‘C 7"’"{’ dl’*”}e-

Explain the differences in the two temperature changes you
just calculated.

The & EPerances éef‘{lﬂ?ﬂ 7he Femperati es above /<

the Aifberance +a +he water Femperture Fhar detnally
%appgnea’ The change 20 _the n-.;,éf side was

ﬂ/ea/czz’wm or Aypm‘ﬂwsa,s 7he /e:bv‘* colomn  #5 Getual
ﬂ' 7%6 f‘sg#’n‘* c:ofmmﬂ !S prea’u:.-.-"-c’/ S0 everyoﬂe.s ol be
ol! 'I'\‘Pcran‘f‘ en the r:ﬁfu’- s v+ M&s:‘/y the sgme on 7he

/@F‘f’“. 72)6’ éﬁ?"' mev‘a/ conses Fte ropm ﬁmp Lwaler
7z ﬁ@a Y. 30° The coocler water glso #;e/rps +he

metal Fv cool dewrn Fo aboat 307
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The city of Milwaukee is located on the Lake Michigan shore, while Madison is located 80
miles inland. On a sunny day in July the 2 p.m. temperature in Milwaukee was 82°F; in

Madison the temperature was 95°F.

How can.this be explained in terms of your experimental results?
Becawse  MNilwankee /s clhser Fo the lake 54@:’9’, #he
water makes the summers_a little bt cosler that the
ety 4hat- 7S mere s fanﬂ. The ety +hat 7S joland
has no gther way #o cool down /2 Fhe Summer, L ke
onr_experiment- :;x',aﬁ:ns, the hot metal! wounld be the
2 i Hes, and Fhe water [s Fhe lake, The meta !
cools _olown when [+ /s near the cooler water., TR
the metal were not jo wat-er j7 wonly take mrucl
longer #o cool _ohun.

A student is designing the perfect soda can holder, which will keep the soda cold. The
holder is made of two plastic layers with a space in-between. Refer to the diagram below.

Should the student fill the space with solid steel or an equal mass of water?

Soda can holder out layer—p
Soda can holder inner layer

Explain in terms of your experimental results.

M,‘@r-—:‘a‘ _,Z-;f- 4-4qﬂ9c’5 fé‘mﬁ FNoreE Sfciw/"}/ 7‘?44/?
metal, ZF you use water, i+ ¢!l /(ee'p the Soda colder
for a réﬂ;_}«f'f armount- oF time than the metsl wonld
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Basic

The student has partially used the science terminology correctly. He or she has presented the investigation in a manner
that indicates partial understanding of the concepts of heat transfer. The paper shows limited transfer of the results from

the experiment to the real-world problems.

f.
the Styrofoam cup. They are then allowed to sit until both the washers and the waler

reach the same temperature. Predict what this final temperature of both the water and the
washers will be. Record your prediction in the preliminary data section on the

previous page.

7. Suppose the washers zre taken out of the boiling water and placed into the waler.in

Explain your reasons for predicting this temperature.
Do, wpalbern ywutl d_,we. f;’% A0 ';.,.,wcﬁ, L.:f'
s, 7 can il /zoﬂu_AA@ 2 M

ZZ@,EMEQQ ol M /. ﬁtﬁﬁﬂmm

u&//(#'- 1

M—ca,e.

i LB !

8. With safety in mind, carefully transfer the steel washers from the hot water into the
Styrofoam cup of water. _

9. Take the temperature of the water in the Styrofoam cup every 15 seconds. Record the
temperatures in the data section. Continue the temperature recording until the

temperature reaches a maximum.

Data Section

Tme (xe) . Tense-

0 __at
-5 ' Q7

3o 21

1/5 29

T bp il
25 S
?.ﬂ 3}
43— 3T
.20 """""31
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Calculate the temperature change of the water and the temperature change
of the metal.

CALCULATIONS

Metd 15-21. Lv°c
W&Dﬁﬁ- - 3/-‘-2‘/-‘5 7"2. a-/_u/U:..

Explain the differences in the two temperature changes you
just calculated.

ﬂ,g_gé,,m}’

(
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The city of Milwaukee is located on the Lake Michigan shore, while Madison is located 80
miles inland. On a sunny day in July the 2 p.m. temperature in Milwaukee was 82°F; in
Madison the temperature was 95°F,

How can this be explained in terms of your experimental results?

Whoan siser s Mot Towmdla o Latrha
M@ﬂ&—mmw-m “t
Astensrna the .mgmm%
the Lathe natfres IAMA?M
M‘Mﬂanw*m%
Aﬁem'ﬁ'«@e.wm,&wmm
Q,!icgﬂﬁﬂem

A student is designing the perfect soda can holder, which will keep the soda cold. The
heolder is made of two plastic layers with a space in-between. Refer to the diagram below.

Should the student fill the space with solid steel or an equal mass of water?

Soda can holder out layer —m ‘
Soda can holder inner layer

Explain in terms of your experimental results.

o stdoid <bod) ool the speee (Tt
4ol <tret, tﬁﬂﬂMdeﬁ_&‘&_’

e Sl ) <SRGl \ssitl Yo 4 Do Lossbati 4K The i,
Spres wielh <Fed.
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Sunoose M2 washEis are laken oul of ihe boiling waier and placed into the waler in

7. Supp

M 181188 al the Styrofoam cup. They are then allowed 1o sil until both the washers and the waler
reach the same temperature. Predict what this final temperature of both the water and th:
. washers will be. Record your prediclion in the preliminary data section on the
The paper indicates that previous page.

the student attempted the
investigation. The work cxplain your reasons for predicting this temperature.

presented is only partially My ides 1o the. Tempeodute ur) ” Fﬁorﬁ@ .
accurate. The calculations ) ! !QQ F @ /. _ '

are difficult to follow and
the work was set up
incorrectly, but there
were answers. The
answers were short and
incomplete

8. With safety in mind, carefully transfer the steel washers from the hot water into the
Styrofoam cup of water.

8. Take the temperature of the water in the Styrefoam cup every 15 seconds. Record the
temperatures in the data section. Continue the temperature recording until the
femperature reaches a maximum.

ime
T *.L%:sar g . Data Section
]

kel
¥
27

23
23

2%

28.5 Calculate the temperature change of the water and the temperature change

29 of the metal.

29
27
29
20
30 22.56 +o 30 = 6:5 C'}fm“je)
30 .
30 Aﬁéw’“@ﬁx Washers = [00° C - 36°c =20°C tim|
2 ' . fiml temp
demp charge

CALCULATIONS

T /NS0 g

e m
Low b

-~
h

Explain the ditferences in the two temperature changes you
just calculated.

The ailferen cps 14 the Yem@rafupe e \aCger
Yhen cach other, S we make e gssametion
had uater  Com absoch _mere pua

P&mﬂ M“m\
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The cily of Milwaukee is located on the Lake Michigan shore, while Madison is located 80
miles inland. On a sunny day in July the 2 p.m. temperature in Milwaukee was 82°F: in
Madison the temperature was 95°F.

How can this be explained in terms of your experimental results?

Water a.bgarbﬁ moce_ hoat Haan Cﬂﬂ(i..s the
6 ther 51’)\}&?:!&'5

A student is designing the perfect soda can holder, which will keep the soda cold. The
holder is made of two plastic layers with a space in-between. Refer to the diagram below.

Should the student fill the space with. solid steel or an equal mass of water?

Soda can holder out layer—p
Soda can holder inner layer

Explain in terms of your experimental results,

Steele — 1t Wont olpssnd Cxemwth he Gt
A5 the vader  (wewd
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